Background: Previous findings indicate that mental health problems are common in Emergency departments; however, there are few studies of the extent of health-related problems and emergency service use in mental health populations as a whole. Methods: Record linkage methods were used to map the association between mental health, age, gender, and health-related harm across total health and mental health care populations in one geographical area, over three years. By examining patterns of health-related harm, an accurate profile of mentally ill Emergency patients was generated enabling identification of factors that increased vulnerability to harm. Results: Of the total population of 625 964 individuals, 10.7% contacted Accident and Emergency (A&E) over three years, this proportion rose to 28.6% among the total secondary care mental health population. Young men and older women were more likely to contact A&E, both overall and within mental health populations and were also more likely to be frequent attendees at A&E. Four distinct groups (typologies) of mental health patients attending A&E emerged: young, male frequent attendees with self-inflicted and other traumatic injuries; young females also presenting with self-harm; older patients with multiple medical conditions; and very old patients with cardiac conditions and fractures. Conclusion: The study indicates increased AþE service use and unmet health-related need within a total mental health population. It identifies specific 'care populations' particularly vulnerable to accidents and self-harm and highlights the need for targeted services for mentally ill groups who may not access traditional health and social care services effectively.
Introduction
The recognition that individuals with mental illness make frequent use of Accident and Emergency (A&E) services has led to an interest in the extent of mental health need among A&E patients 1, 2 and in the wider needs and service use of mental health groups. 3, 4 However, reviews of research identify only fragmented studies of need in clinical subgroups. [5] [6] [7] Work combining subsets of A&E and other health care populations in order to identify wider needs has been informative but limited. Ruzicka 8 combined datasets to study causes of deaths in suicides; Crandall et al. 9 studied injuries and emergency attendance in high risk families. Saliou et al. 1 assessed the prevalence of psychiatric disorders in a hospital emergency service. They found that 38% of the emergency service sample had psychiatric disorders. 3 Hisley and Meldon 2 found that one in six older people in an A&E had dementia. Payne 4 found that 45% of 556 contacts presented to an A&E department had mental health problems. Whereas previous studies have identified unmet mental health needs in emergency health care services, 10, 11 this study also focuses on the unmet needs of mental health populations.
A key focus of epidemiological research is to investigate the role of individual and social factors in determining health behaviours. 12 These behaviours result from complex 'chains of causation' difficult to identify and measure 13 Cummins. 14 Glass and McAtee 15 advocate mapping out interactions between mental health and of factors responsible for well-known patterns of health behaviour. Studying these interactions is difficult 13 but feasible. For example, Ford et al. 16 explored patterns of mental health, health, and class, assessing their generalisability across age/sex groups and health domains.
This study contributes to this work by examining total care populations to identify vulnerable groups utilising multiple services. 7, 17, 18 It maps, for the first time in the UK, changing patterns along the life cycle and across genders, of mental disorder, health-related harm, and health problems in a total health care population. It explores whether attendance and frequent attendance to A&E services is greater in the subpopulation of the mentally disordered than in the population at large. It compares characteristics and medical conditions of A&E populations with and without mental health problems, and identifies distinct groups of mentally ill A&E patients according to their medical conditions, age, and gender.
Methods
Case linkage methods were used to combine disaggregated data and link total population records of different agency populations. 19, 20 This method has been limited in the UK to health care populations, 20 with the exception of Godden and Pollock's 21 work combining health and social care populations for a cross-sectional study of one day. This study combines total mental health and health care populations for a 3-year period. Data from a Health Authority population of one English county (N ¼ 625 964) were linked with data from the Mental Health Trust population (comprising all secondary care mental health services; N ¼ 18 899) and the Accident and Emergency population (N ¼ 66 973). Only individuals older than 15 at the beginning of the period were studied. The estimated rate of error was 5-10% and assumed to be random, so that datasets can be treated as large random samples of the 4 The database included date of reception, age, sex, frequency of contact with A&E, assessed health and health-related needs, and contact with mental health services.
The county studied was classified as 'Coast and Country', that is an area with coastal, rural, and urban characteristics but including a predominance of sparse rural populations. 5 Age range, population density, employment patterns, Jarman index scores, and DoE index of deprivation scores were similar to other 'peer group' UK counties within this category. 22 
Results
Demographic overview table 1 presents counts and percentages of different gender and age groups and of individuals in contact with mental health services in the overall population, the subpopulation of A&E attendees, and the subpopulation of frequent A&E attendees (more than two visits). Row percentages provide information about the prevalence of A&E attendance and frequent attendance, both overall (bottom row) and among age and gender groups. The comparison of column percentages across the three subpopulations allows a preliminary assessment of the presence of any over-or under-representations of gender, age, and mentally disturbed groups in each population. 1 Of the 625 964 Health Authority patients, 66 873 (10.7%) had contacted A&E during the 3-year period (see totals in last row). Of these, 10.2% attended three or more times. Males contacted A&E in slightly larger proportions than females, and more frequently. The younger the age group, the higher the proportion of A&E users and frequent users (except for the oldest group, who attended A&E proportionally to its demographic size).
Of the Health Authority population, 3% contacted Mental Health services. Of the mental health population patients, 28 .6% contacted A&E (almost three times the rate of the overall health Authority population), much more than twice (24.1%, as against 10.2% overall). 6 In summary, males, young people, and the mental disordered attended A&E disproportionately, and more frequently.
Unfortunately, table 1 cannot establish whether the gender and age distributions of mental health patients in contact with A&E services are proportional to the distributions of gender and age groups in the separate populations of mental health patients and A&E attendees. Nor is it possible to determine whether any over-or under-representations, including those detected in table 1, are significant. The next subsection settles these issues.
Testing associations and interactions table 2 summarises results from modelling associations and interactions between previous variables with the help of two logistic regressions. Both have the same independent variables-age (six groups), gender, and contact with mental health-and different dependent variables-the log-odds (logits) of contacting A&E (Model 1) or of doing it frequently for individuals who attended A&E at least once during the period (Model 2). We use logistic regression because its results are easier to present than equivalent log-linear models of association, but in truth we are not trying to predict A&E attendance (or frequent attendance) from a set of independent regressors, only to establish the association between A&E attendance and gender, age, and mental health status (and combinations or interactions between these factors), based on any over-and under-representations of these groups in the population of A&E patients. 1 The models in table 2 are hierarchicalincluding all lower order effects contained in more complex interactions. Only effects that are statistically significant are shown, except when a non-significant effect helps maintain models' hierarchy or interpret other coefficients. The models fit the data well, but significantly less so than the saturated model, i.e., than the model including all possible interactions between the independent variables (see goodness of fit). Whilst adding more interactions (coefficients) improves the fit, it makes the Effects in Model 1 confirm that many of the over-and under-representations observed in table 1 were statistically significant. They also provide an alternative metric to measure them. Finally, they indicate that there were significant differences in the age and gender distributions of mentally disturbed A&E patients relative to the age and gender compositions of mental health and A&E patients considered separately.
Young individuals'
7 (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) over-representations and adults' (36-70) under-representations among A&E patients were significant. Males and mental health patients' overrepresentations among A&E attendees were also significant: Males' and mentally disordered individuals' odds of contacting A&E were, respectively, 1.13 and 1.88 times significantly higher than expected by the numbers of males and mental health patients in the population. 2 Interaction effects in Model 1 of table 2 show that the overrepresentations of males and young people among A&E attendees were even stronger than expected when both factors were combined: 16-to 35-year-old males were 1.17-1.18 times more likely to attend A&E services than males or young people alone. On the contrary, mental health males were slightly less likely to contact A&E than males and mental health patients considered separately, although the coefficient only approaches significance. 2 Model 2 shows that the effects on the odds of contacting A&E frequently were quite similar to the odds of contact per se. Younger people, males, and the mentally disordered had higher odds of contacting A&E frequently, and younger males even more so. 2 
Profiles of A&E patients with mental health problems
We next identify profiles of mentally ill A&E patients based on their medical conditions (as diagnosed at A&E and recoded into 20 groups), age and gender, and frequency of attendance to A&E. After identifying an overall profile, we distinguish four distinct subprofiles of shared A&E and MH patients.
To conduct the analyses, we no longer rely on log-linear models (as there are 8 too few degrees of freedom), but on two closely interrelated multivariate techniques that identify patterns of interactions between multiple factors: Non-Linear Canonical Correlation (NLCC) and Categorical Principal Component Analysis (CPCA). Both are briefly described next.
The techniques
Both NLCC and CPCA uncover 'latent' dimensions in patterns of co-variation between variables. They resemble regular canonical correlation and principal component analyses except that they apply optimal scaling to categorical data. 23 Categories are replaced with scores that best capture their 'distances'-frequency distribution profiles-across other variables' categories. Scaling helps extract orthogonal components-'eigenvalues'-with standard methods and order them according to the proportion of variance explained. The correlations-'loadings'-between the optimally scaled variables and the components facilitate the latter's interpretation.
Non-linear canonical correlation differs from categorical principal component analysis in finding patterns of correlations within sets of variables whilst also maximizing correlations between sets. If two sets are defined, one including individuals' medical conditions, age, gender, and frequency of use of A&E services, the other with one variable measuring whether or not individuals contacted mental health services, the technique will find a pattern contrasting the characteristics of mentally and non-mentally disordered A&E patients. The squared correlation ('fit') between sets provides a measure of strategy's success. If high and significant, as in our case (fit ¼ 0.812; p # 0.000), it shows that the uncovered profile is very distinctive of A&E patients with mental health problems and significantly different from those without them. The 'profile' is measured with a continuous, normalized variable. It can be interpreted by looking at its correlations ('loadings') with the quantified versions of the original variables or by comparing percentages experiencing each trait/condition and having positive scores in the profile (thus more likely to experience mental problems) with all A&E patients having the trait.
In contrast with non-linear canonical correlation, categorical principal components analysis uncovers several profiles within one group rather than across many. Whilst the profile uncovered by NLCC represents an 'average' distinguishing mentally from non-mentally disordered A&E patients, CPCA's profiles identify subgroups of shared A&E and MH patients. As before, they can be interpreted using the 'loadings' or correlations with the scaled versions of the original variables.
The results Figure 1 plots variables' loadings in the component identified by non-linear canonical correlation as maximising the differences between mentally disordered and non-mentally disordered A&E patients (against the left-hand y-axis). It also plots, against the right-hand y-axis, percentages of individuals with each condition/trait in the population at large (white bars) and in the subpopulation of individuals with positive scores in the uncovered profile (striped bars), thus more likely to have contacted mental health agencies. Figure 1 shows that A&E patients who were likely to contact MH agencies were also slightly more likely to be female and older than 45. This is in agreement with the interaction effect between gender and mental health detected with logistic regression in Model 1 of table 2. Figure 1 shows that mental health patients were almost five times more likely to be frequent A&E attendees (see differences in percentages) than individuals never in contact with mental health services. Finally, figure 1 illustrates which factors best explain mental health patients' contacts with A&E: deliberate self-harm (DSH), psychiatric disorders, poisoning, unknown diagnoses, no waiting for a Figure 1 Main profile of mentally ill A&E patients according to their conditions. Results from non-linear canonical correlation regular appointment with the general practitioner, and anxiety, in this order. Figure 1 provides only an overview of the characteristics of mental health patients in contact with A&E services. To avoid the risk of statistically stereotyping mentally disordered A&E patients, we present in figure 2 the main results of applying categorical principal analysis to the subpopulation of A&E patients with records of contact with MH agencies. The analyses include the same variables listed in figure 1 , plus four dichotomies recording whether or not the MH patient was treated as an inpatient, outpatient, community care, or daycare patient for his/her mental condition. Four typologies are identified and listed according to how much variance they explain of the original variables (or 'relative importance').
Type 1 was composed of disproportionate numbers of young, male, frequent A&E attendees, more likely than other mentally ill A&E patients to be treated as inpatients and outpatients for their mental conditions, and presenting aboveaverage numbers of self-inflicted injuries and psychiatric problems at A&E. The second group was composed of older patients with disproportionate numbers of minor head injuries and cardiac problems, and more likely to receive out-, in-or day-mental health care. The third profile identified adult individuals suffering from cardiac and many other medical conditions and presenting fewer self-inflicted injuries or psychiatric problems at A&E. They received above-average day and community mental health care. Young females receiving community mental health services and presenting moderately disproportionate numbers of self-inflicted injuries and poisoning at A&E conformed the last group.
Discussion
First, we established the existence of a strong and positive statistical association between mental health problems and usage and frequent usage of A&E services. The proportion of the county's Health Authority population attending A&E in the 3-year period was 10.7%; it rose to 28.6% among the mental health population. This figure is slightly lower than the 35% that Saliou et al.
1 estimated for a sample of A&E attendees, which is to be expected, as our data included only individuals utilising secondary care mental health services.
The youngest and (less markedly) oldest groups were significantly over-represented in A&E, both overall and among frequent attendees. Males were disproportionately present at A&E; younger males, even more so. These over-representations applied also to the mental health subpopulation of A&E patients and frequent patients, with an additional and slightalmost significant-over-representation of older females.
Second, we established differences in health conditions, age, and gender characteristics between A&E patients with and without mental health problems. A&E patients with mental health problems were slightly more likely to be old and females, presenting histories of self-inflicted harm and trauma, than non-mentally ill A&E patients. This confirms previous findings on mentally disordered patients being more likely to be vulnerable to and/or involved in violence 1 and self-harm. 24, 25 Our method has limitations: it only estimates minimum extent of problems as it records only those who utilised services. 26 This utilisation is influenced by administrative, resource, and organisational factors. Findings may also be affected by factors such as physical accidents leading to mental health problems. 27 However, our research raises useful questions regarding interaction effects between gender, age, health, and mental health. For example, are health services less accessible for the mentally ill?
28 Do hospitals respond differently to different age groups' needs? 2,29 Does A&E attendance signal vulnerable groups' lack of access to adequate health care? 29 Finally, we identified four distinct groups (typologies) of mental health patients attending A&E. Two typologies were disproportionately made of young men and young women who had self-harmed, been harmed by others, or had accidents. In contrast, the other two captured older people who attended A&E for multiple medical reasons. These two classes of mental health care populations resemble the two age-related groups of users of residential mental health facilities found by Prior and Hayes. 30 These care populations-and subpopulations within them-have different problems and service needs. For example, in many countries DSH is an important cause of A&E attendance and emergency hospital admission for young males and females with mental health problems. 18, 24, 31, 32 However, we know little about their assessed needs or service uses. 32, 33 We contributed to filling this gap by showing how young males presenting self-harm at A&E were disproportionately treated as in-or outpatients for their mental conditions, while young females received community care. Neither treatment appeared to have eliminated their higher odds of self-harm. Similarly, we documented the health needs of older people with mental health problems. Their cardiovascular and respiratory problems, pneumonia, and fractures, have been identified in clinical studies. 29, 34 More research is needed in this area. 2 Mental health services for those in hospital are often limited. [34] [35] [36] However, recent solutions include supporting mental health populations in A&E 26, 37 and other health settings 38 through the introduction of mental health expertise and training. Also improving health care access for mental health populations through targeted interventions, screening, referral protocols, and inter-professional liaison. 17, 26, 31, 39 Initiatives for dual diagnosis, self-harm, or non-medical interventions also reduce over-use of emergency services. 24, 31 There are fewer services meeting the health needs of the mentally ill who do not access health care services. 38, 40, 41 Solutions might include training for mental health care staff to recognise and assess non-mental health needs or health care provision within mental health services.
This method used in this study could inform these interventions by identifying characteristics and needs of vulnerable groups in total populations. However, there is a wider need to further explore the social factors that impact on both health and mental health. Our findings have identified that patterns of association between mental health and health conditions at A&E differ across age and gender groups. This suggests that mental health may be a 'risk regulator' 15, 41 healthrelated harm through the life-course. If so, there is a need for future research to examine the factors which influence this regulatory mechanism.
